Abstract. This paper proposes a novel artificial intelligence based EBA (Evolved Bat Algorithm) controller for large-scale nonlinear system which has high speed computation due to its LMI (Linear Matrix Inequality) type criterion. The proposed membership functions are adopted and stabilization criterion of the closed-loop T-S fuzzy systems are obtained through a new parametrized LMI which is rearranged by machine learning membership functions.
I. INTRODUCTION
Big data sources utilizing web data are particularly prone to dissonance effect. In order to exclude it, the mathematical models of many physical and engineering systems are frequently of high dimension, or possessing interacting dynamics phenomena. The information processing and requirements to experiment with these models for control purposes are usually excessive. It is therefore natural to seek techniques that can reduce the computational effort. The methodologies of large-scale systems provide such techniques through the manipulation of system structure in some way. Thus, there has been considerable interest in the research area of modeling, analysis, optimization and control of large-scale systems [1] . Recently, many approaches have been used to investigate the stability and stabilization of large-scale systems, as proposed in the literature [2] [3] .
During the past several years, fuzzy-rule-based modeling has become an active research field because of its unique merits in solving complex nonlinear system identification and control problems. This approach can obtain more flexibility and more effective capability of handling and processing uncertainties in complicated and ill-defined systems. Unlike conventional modeling, fuzzy rule-based modeling is essentially a multi-model approach in which individual rules are combined to describe the global behavior of the system [4] .
In this paper, we consider a fuzzy large-scale system composed of J subsystems with interconnections and each subsystem is represented by the so-called Takagi-Sugeno fuzzy model [11] . One critical property of control systems is stability and considerable reports have been issued in the literature on the stability problem of fuzzy dynamic systems. However, a literature survey indicates that the stability problem of fuzzy large-scale systems has not yet been resolved. Hence, a stability criterion in terms of Lyapunov's direct method is proposed to guarantee the asymptotic stability of fuzzy large-scale systems.
II. SYSTEM DESCRIPTION AND STABILITY ANALYSIS
Consider a fuzzy large-scale system F which consists of J interconnected fuzzy subsystems
The jth fuzzy subsystem j F is of the following form: 
Lemma 1 [5] : The jth isolated subsystem (2) is asymptotically stable if there exists a common positive definite matrix j
Based on Lemma 1, a stability criterion is derived below to guarantee the asymptotic stability of the fuzzy large-scale system F.
Theorem 1:
The fuzzy large-scale system F is asymptotically stable, if each isolated subsystem of F is asymptotically stable and the following inequality is fulfilled [6] [7] [8] [9] [10] :
where f is a positive integral,
is the maximal eigenvalue of ij Q defined in Eq. (3) and:
Proof: Let the Lyapunov function for the fuzzy large-scale system F be defined as
where j P is the solution of Eq. (3). Taking the backward difference of
Where:
From Eqs. (9-10), we have:
Substituting Eqs. (7-12) into Eq. (6) yields:
and then the fuzzy large-scale system F is asymptotically stable.
Evolved Bat Algorithm (EBA) is proposed based on the bat echolocation fuzzy complex system in the natural world. Unlike other swarm intelligence algorithms, the strong point of EBA is that it only has one parameter, which is called the medium, which needs to be determined before employing the algorithm to solve problems. Choosing different medium determines different searching step size in the evolutionary process. In this study, we choose the air to be the medium because it is the original existence medium in the natural environment where bats live. The operation of EBA can be summarized in the following steps:  Initialization: the artificial agents are spread into the solution space by randomly assigning coordinates to them.  Movement: the artificial agents are moved.  A random number is generated and then it is checked whether it is larger than the fixed pulse emission rate.  If the result is positive, the artificial agent is moved using the random walk process. 
III. CONCLUSIONS
In this paper, a stability criterion in terms of Lyapunov's direct method is derived to guarantee the asymptotic stability of fuzzy large-scale systems with high speed computation governed by LMI based criterion. If each isolated subsystem is asymptotically stable and the stability condition is fulfilled, then the fuzzy large-scale system is asymptotically stable.
